Two experiments involving 1,020 litters were conducted at eight research stations to determine the effects of dietary NaCI (salt) concentration during gestation and lactation on reproductive performance of sows. Primiparous and muhiparous sows were fed fortified corn-or grain sorghum-soybean meal diets at 1.82 kg/d during gestation. During the winter months (December, January, February) the feeding level was increased to 2.27 kg/d. Sows had ad libitum access to diets during lactation. Dietary concentrations of added salt were .50 and .25% in Exp. 1 and .25 and .125% in Exp. 2. When more feed was fed during gestation, the salt concentrations were reduced to .40, .20, .20 and .10%, respectively, in order to maintain a constant daily intake of Na and C1 during gestation. Gestation weight gain and lactation (21-d) weight loss of the sows were not affected by dietary salt level in either experiment. In Exp. 1, lowering the salt concentration did not influence the number of pigs farrowed, but it resulted in a .05 kg/pig reduction (P < .01) in average birth weight. Average 21-d pig weights also tended (P < .19) to be lower in the low-sah group. There was a decrease in litter size from the first to the second farrowing for sows fed low salt, but not for sows fed the higher salt concentration. In Exp. 2, reducing the salt content from .25 to. 125% did not alter reproductive performance. The overall ratio of males to females at birth in the population of > 104 pigs was 52.3:47.7. Lower salt intakes tended to reduce the percentage of males born in both experiments, although the differences were not significant (P > .3). The results indicate that reducing the salt concentration in sows diets from .50 to .25or 9 125% reduces birth weight in newborn pigs. When continued for more than one reproductive cycle, feeding less than .5% salt appears to reduce litter size at birth and weaning.
| ntroduction
The Na and Cl requirements of the gestating and lactating sow are not well established. Only a few studies have been conducted with breeding animals (Gutte et al., 1959; Rodregues et al., 1966; Friend and Wolynetz, 1981) . These studies involved limited numbers of animals and the research was not designed to quantitate the sow's requirement.
The NaC1 (salt) requirements were estimated by the National Research Council (NRC, 1979) at .4% (.15% Na, .25% CI) for gestation and .5% (.2 Na, .3% C1) for lactation. In 1988, NRC reduced the CI requirements to .12 (gestation) and . 16% (lactation). The Agricultural Research Council of Great Britian (ARC, 1981) does not list a requirement for salt, Na or C1 for breeding animals because of lack of research data. Studies in the mid-1970s (Hagsten and Perry, 1976a, b; Hagsten et al., 1976) showed that the salt requirement for growing-finishing pigs was about half as much as previously believed. As a result, the NRC in 1979 lowered the requirements for Na and C1 for growing pigs; changes were not made for breeding animals because information was insufficient on needs of sows. A reduction in dietary salt lowers the salt content of swine waste (Sutton et al., 1976) , which has agronomic benefits to prevent buildup of soil salinity where swine wastes are spread intensively on cropland (Sutton et al., 1984) .
Because the high degree of variability in sow reproductive data (Hays et al., 1969) , large numbers of animals are needed in sow experiments to generate meaningful data and to detect treatment differences. This study represents a coordinate effort of several research stations in the Southern Region of the U.S. to evaluate the salt requirement of the sow during gestation and lactation.
Procedures
This cooperative research study involved two experiments and a total of 1,020 litters at eight research stations and was designed to determine the effects of reducing the dietary NaC1 (salt) content during gestation and lactation on reproductive performance of sows. Stations participating in the study were Auburn, Clemson, Florida, Georgia, Kentucky, Oklahoma, Texas and Virginia. The experiments were conducted in the eight states at Crossville, Clemson, Gainesville, Tifton, Princeton, Stillwater, College Station and Suffolk, respectively. Seven stations participated in Exp. 1 and four stations participated in Exp. 2. Numbers of litters contributed by each station are shown in Table 1 .
At each station, sows (both primiparous and multiparous) were randomly allotted to treatments from outcome groups based on breeding weight and parity. Crossbred sows were used at all stations except Kentucky and Oklahoma, where Yorkshires were used. Three stations (Auburn, Clernson, Georgia) started the experiment with primiparous sows, and the other stations used a combination of primiparous and muhiparous sows. A minimum of two reproductive cycles were conducted at all stations; several stations included three cycles (Table 1) . Animals remained on their respective treatments during the entire course of each experiment. The average parity of the sows over the duration of the study ranged from 1.43 to 3.76 (Table 1) .
Sows at four stations (Clemson, Georgia, Texas, Virginia) were housed in confinement gestation facilities, whereas sows at the other four stations were kept in dirt lots. All sows were kept in conventional farrowing crates from approximately 3 to 7 d prior to farrowing and throughout the 21-d lactation. Except for the Florida station, all sows were housed during farrowing and lactation in environmentally controlled units.
Fortified corn-soybean meal diets were fed during prebreeding, gestation and lactation at all stations except Texas, where grain sorghumsoybean meal diets were fed (Table 2) . Diets were formulated to contain 14% protein, .8% Ca and .6% P and were fortified with minerals (except Na and C1) and vitamins to meet or exceed NRC (1979) standards. The ME content of all diets was approximately 3.2 Mcal/kg. Dicalcium phosphate was used as a phosphate source at all stations because of its low Na content (.05%) compared with defluorinated phosphate (4.9%). Gestation feeding level was 1.82 kg/d during the months of March through November and 2.27 kg/d during the months of December, January and February. Sows were allowed ad libitum access to their diets during lactation. Chemical laxatives were not used at farrowing or during lactation.
Gestation treatments in Exp. 1 consisted of the basal diet with .50 or .25% added salt (noniodized). These levels of dietary salt were decreased to .40 and .20%, respectively, in the winter months, so that daily intakes of 9 or 4.5 g of added Na and 13.5 or 6.75 g of added C1 were maintained (Table 3) . During lactation, sows remained on either the high (.50%) or low (.25%) salt treatments. In Exp. 2, gestation-lactation treatments consisted of .25 and .125% added salt. These gestation diets were adjusted to .20 and .10% salt, respectively, during the winter months to ensure the same daily intakes of added Na (4.5 or 2.25 g) and CI (6.75 or 3.3 7 g) during gestation.
The number of pigs farrowed (live and dead) was recorded for each litter and pigs were weighed individually within 24 h after birth. All pigs were identified by ear notches, and parenteral iron was administered within 48 h after birth. Cross-fostering was kept to a minimum and was done only on a within-treatment basis. Cross-fostered pigs were credited to their biological dam. All pigs were individually weighed at 21 d of age at each station. Weaning age varied from 21 to 42 d among stations (Table 1) .12 $ aHigh and low salt diets provided, respectively, 9 and 4.5 g of salt (3.6 and 1.8 g of Na; 5.4 and 2.7 g of C1)/d in Exp. 1 and 4.5 and 2.25 g of salt (1.8 and .9 g of Na; 2.7 and 1.35 g of Cl)/d in Exp. 2.
Any sow that did not return to estrus by 18 d after weaning was assigned a value of 18 days to estrus. Sows that did not conceive or that were deemed as unsound were culled. At most stations, culled sows were replaced with gilts.
Sows were weighed at breeding, d 110 of gestation, within 24 h postpartum and on d 21 of lactation. Gestation weight gain, farrowing loss and 21-d lactation weight gain (or loss) were calculated.
Diets and drinking water from all stations except Auburn and Oklahoma were assayed by the Virginia station (Blacksburg). Feed was prepared for Na and K analyses by charring at O 350 C for 36 h, followed by wet digestion with nitric acid and hydrogen peroxide. The Na and K content of feed digesta and water were determined by flame emission spectroscopy using an atomic absorption spectrophotometer 14. Extractable C1 in feed was determined by the addition of a known amount of feed to a standard C1 solution and measuring the change in electrical potential with a C1 electrode (Chapman and Goldsmith, 1982) . Chloride in water was determined directly using the C1 electrode.
Colostrum (n = 73) and milk (n --62) samples were collected from sows at the Kentucky, Texas and Virginia stations. Colostrum was collected within 24 h after farrowing and milk samples were collected after treatment a4Model 403, Perkin-Elmer Corp., Norwalk, CT. as Operator's manual of the Model 1L 551 aa/ae spectrophotometer, flame operating procedure. Instrumentation Laboratory, Inc., Wilmington, MA. leModel 551, Instrumentation Laboratory, Inc., Wilmington, MA.
with oxytocin on d 14 or 21 of lactation. Samples were assayed for Na and K at the Tennessee station by prescribed methods is utilizing an atomic absorption spectrophotometer 16 .
The data were analyzed by covariance procedures (Steel and Torrie, 1980) with litter as the experimental unit. The GLM procedure of SAS (1982) was used. The model included station, treatment and the station x treatment interaction. Parity also was included as a covariate, with sows having a parity greater than 3 being assigned a value of 3. Additionally, a second analysis was performed only on those sows that completed two gestation-lactation cycles at each station. Average pig weights at birth and at 21 d were adjusted for litter size at birth and 21 d, respectively, by covariance. Type III sum of squares was used in all of the data analysis.
Results and Discussion
Diet and Water Analysis. The Na, K and C1 contents of the diets formulated to contain .25% added salt are shown in Table 4 . Dietary Na ranged from .10 to .16%. Because the salt was calculated to provide .10% Na to this diet, the ingredients other than salt contributed, on the average, about .01% Na to the total diet at most of the stations. Virginia was an exception in that the basal ingredients contributed about .06% Na to the total diet. Total dietary C1 ranged from .21 to .28%. Salt was calculated to contribute .15% CI; thus, the basal ingredients contributed from .06 to .13% C1 to the total diet. Dietary K was relatively constant among stations, ranging from .49 to .58%.
The Na content in drinking water was relatively low (3.6 to 9.0 ppm) at four stations, but was very high (187 and 204 ppm, respectively) at the Texas and Virginia stations. The K level in water was relatively low at all stations except Virginia, whereas C1 in water was relatively low at all stations except Texas. Experiment 1. A summary of sow weights and weight changes from breeding to d 21 of lactation is shown in Table 5 . Dietary salt concentration did not influence gestation weight gain or lactation weight loss (P > .4). The total weight change from breeding to d 21 of lactation averaged 20.7 kg for both treatment groups. Lactation feed intake (to d 21) and the number of days to postweaning estrus also were not influenced by dietary salt concentration.
Litter size at birth favored the higher salt concentration at five (total births) or four (live births) of the seven stations (Table 6) , although the overall differences of .13 total and .20 live pig/litter were not significant (P > .4). Average pig birth weight was consistently lower in litters from sows fed the lower salt concentration, although the magnitude of the difference was small at some stations. When adjusted for litter size, the difference in average birth weight Na, O between the two treatment groups was .05 kg/pig (1.46 vs 1.41 kg;P < .01). Litter size at 21 d tended to favor the low salt concentration at three stations (Clemson, Florida, Virginia), but was greater in sows fed the higher salt concentration at the other four stations, resulting in a station x treatment interaction (P = .07). Average 21-d weights of the pigs, adjusted for litter size, tended to be less (P = .19) in litters from sows fed the lower salt concentration. Survival from birth to 21 d postpartum was approximately 84% overall and was not influenced by dietary salt concentration.
In the initial stages of this experiment, there was a trend at several stations for larger litter sizes in sows fed the lower salt concentration; however, this trend disappeared as the experiment progressed. To evaluate this trend, data from all sows that farrowed at least two consecutive litters on the experiment were summarized. The data in Table 7 represent 88 and 80 sows that farrowed 176 and 160 litters in the two treatment groups, respectively. Indeed, there was a diet • farrowing interaction for litter size at birth (P = .06) and at 21 d (P = 10). At the first farrowing, litters from sows fed low salt were larger than for sows fed high salt; however, at the second farrowing, litter size was larger for sows fed high vs low salt. Expressed another way, litter size decreased from the first to the second farrowing in sows fed low salt, but not in those fed the higher salt level. This pattern was consistent at all stations, as evidenced by a lack of a significant three-way interaction (station • treatment x farrowing cycle) for litter size at birth (P = .72) and at 21 d (P =.76). The fewer numbers of litters in the low salt treatment (n = 160) compared with the high salt treatment (n = 176) may be an indication that sow longevity was negatively affected by feeding inadequate salt.
Concentrations of Na and K in the sows' colostrum and milk were not influenced by the level of salt fed (Table 8 ). Both Na and K levels were approximately 50% higher in colostrum than in milk, which agrees with the data of Fahmy (1972) , who reported mean values of 930 ppm Na and 1,340 ppm K in colostrum and 450 ppm Na and 980 ppm K in milk from lactating sows.
Experiment 2. Sow weights, sow weight changes from breeding to 21 d postpartum, lactation feed intake and the number of days to postweaning estrus were not affected by dietary salt concentration (Table 9) . Also, reproductive performance of the sows was not influenced by dietary treatment (Table 10 ). Although litter size at birth (both total and live pigs) was numerically less for sows fed .125% salt than for those fed .25% salt, the difference did not approach statistical significance (P > .4). Average pig weights at birth and 21 d were similar for the two treatment groups.
In this experiment, there were 122 sows that completed at least two gestation-lactation cycles. A summary of the reproduction data for the two farrowing cycles is shown in Table 11 . Litter size decreased from farrowing 1 to farrowing 2 in both treatment groups, with no evidence of a treatment x farrowing cycle interaction. This response occurred at all stations except Virginia, where litter size at birth and at 21 d increased from farrowing 1 to farrowing 2 Item Florida, 38, 38; Georgia, 20, 14; Kentucky, 20, 16; Texas, 46, 46; Virginia, 52, 46 . Data from Clemson and Oklahoma were not included because of too few numbers. in both treatment groups. Although the threeway interaction (station x treatment x farrowing cycle) was not significant for number of pigs born live (P = .32) or the number of pigs at 21 d (P = .91), the pattern suggests that the high salinity (e.g., high Na content) of the water at the Virginia station may have prevented the decline in performance that occurred from farrowing 1 to farrowing 2 at the other stations. If the reduction in performance from farrowing 1 to farrowing 2 in Exp. 1 is indicative of a negative response from prolonged salt deficiency, the results of Exp. 2 indicate that feeding .125% salt to sows for two gestation-lactation cycles was no more detrimental than feeding a level of .25% salt for two consecutive reproductive cycles.
Sex Distribution. The sex distribution of the 10,653 pigs farrowed in the two studies was 52.3% males and 47.7% females (Table 12 ). The proportion of males was higher than 50% at all stations in both experiments, ranging from a low of 51.3% to a high of 53.4% males. Warwick and Legates (1970) indicated that the sex ratio at birth is almost always near equality and follows a binomial distribution. Similar conclusions were reached by Charnov (1982) . Nishida et al. (1977) examined the sex ratio in approximately 104 newborn pigs in data from five research stations and found that the percentage of males ranged from 49.6 to 52.0 (mean, 50.9%). Unlike their results, Lougnon and Picard (1982) found that the sex ratio ranged from 49.4 to 54.2% males and was affected by breed, litter size and parity. Our data show dearly that the sex ratio at birth favors male pigs. In Exp. 1, the distribution of the gender of pigs in litters from sows fed .50% salt was 53.1% males and 46.9% females; in litters from sows fed .25% salt, the distribution was 51.6% males and 48.4% females (Table 12 ). In Exp. 2, the distribution followed a similar pattern (i.e., the higher salt level resulted in a greater percentage of male pigs). Because of the large variability of the data, these differences were not statistically significant (P > .3). An arcsin transformation of the data did not reduce the variability, nor did it change the interpretation of the results of the statistical analysis. Table  12 also shows the distribution of the litters having predominately male or female pigs. The four categories were created by separating those litters that were within one standard deviation above and below the mean of 52.3, and further separating those litters that were more than one standard deviation above and below the mean. This distribution also indicates that a larger percentage of litters having mainly male pigs were from sows fed the higher salt levels. Stolkowski (1967) theorized that feeding diets with high levels of Na and K to females bRepresents one standard deviation below and above the overall mean of 52.3% males.
prior to conception favors the birth of males, whereas feeding high levels of Ca and Mg favors the birth of females. Evidence subsequently was reported that supported this theory (Stolkowski and Choukroun, 1981) . Studies by Bolet et al. (1982) , however, failed to show a consistent relationship between dietary mineral excesses and sex ratio in pigs. Although our study involved possible deficiencies rather than excesses of Na, the association of low Na intake and decreased proportion of male newborn pigs supports the hypothesis of Stolkowski (1967) .
Variability of Reproductive Data. The large variability that is encountered in sow reproductive data is clearly evident in these experiments. The CV for litter size at birth and at 21 d ranged from 27.4 to 29.2% (Tables 6 and 10 ). The CV for average pig weights at birth and at 21 d were lower but were still relatively large, ranging from 13.8 to 16.7%. Variability in sow BW changes were even greater (Tables 5 and 9 ). The CV of these data are similar to those reported by Hays et al. (1969) and are similar to those in another cooperative study involving 1,080 litters (Cromwell et al., 1989) . It is evident from these data that large numbers of animals are needed in sow nutrition experiments in order to have a reasonable degree of success in detecting treatment differences and to avoid drawing inaccurate conclusions from data involving an insufficient number of animals. Using the formula derived by Cochran and Cox (1957) , and assuming a CV of 28% for litter size, a minimum of 98 sows/ treatment would be needed to detect a 10% difference between two treatment means (i.e., approximately one pig/litter) 90% of the time at a statistical probability level of P < .05. To detect a 5% difference between treatments in litter size (i.e., one-half pig/litter) at P < .05 and with a 90% success rate would require 388 sows/treatment. Assuming an average CV of 15% for average pig weight (with the same success rate and probability level), the number of replications needed to detect a true treatment difference of 5% (i.e., "~ .07 kg/pig at birth; .25 kg/pig at 21 d) would be 113 sows/treatment. Because of the large numbers of animals needed for valid experiments, it is difficult for an individual experiment station to conduct sow research. The pooling of research data from coordinated experiments conducted at several stations, such as was the case in this study, is a practical means of obtaining sufficient numbers of animals for sow reproductive research.
Conclusions. The results of these two
experiments indicate that a reduction in the dietary salt level from .50 to .25% during gestation and lactation has little impact on sow weight changes, but results in a decrease in birth weight of newborn pigs. Feeding the lower level of salt for two or more reproductive cycles appears to reduce litter size at birth and at 21 d. These results indicate that the current NRC (1988) estimated requirement of.15% Na (i.e., .4% salt) for pregnancy and .2% Na (5% salt) for lactation should not be lowered.
